Abstract Toxoplasma gondii is an intracellular parasite with global distribution. Toxoplasmosis in individuals with normal immune system is usually asymptomatic, but in immunocompromised patients may lead to death if not cured. In this study, the prevalence rate of acute and chronic toxoplasmosis in children with cancer was investigated using serological and molecular methods. Blood samples were taken from 372 children with cancer in Shafa hospital in Ahvaz, southwest of Iran. Anti-T. gondii IgG and IgM antibodies were investigated by ELISA. The presence of Toxoplasma in the blood samples was evaluated by Nested PCR. Among 372 children with cancer, 155 (41.7%) were positive for anti-T. gondii IgG antibodies and 24 (6.4%) were positive for anti-T. gondii IgM antibodies, as well. In IgG avidity test, 34 (22%) had antibodies indicating acute phase and 121 (78%) had antibodies indicating chronic phase. The Nested PCR results were showed T. gondii parasite in 34 (100%) patients among 34 IgG antibody-positive patients with acute infection, among 16 IgG antibody-positive patients with chronic infection, 10 patients were indicative of T. gondii and 6 patients were not indicative of T. gondii. A total of 50 cases, 44 (88%) were T. gondii-positive and 6 (12%) were T. gondiinegative in Nested PCR. This study showed high prevalence of toxoplasmosis in children with cancer. Results of serological techniques (ELISA and IgG avidity) had a higher overlap with Nested PCR in identifying T. gondii of seropositive patients.
Introduction
Toxoplasma gondii is an apicomplexan parasite with a global distribution. Cats are final hosts and humans and other warm-blooded vertebrates are intermediate hosts (Thomas et al. 2012) . It is estimated that One-third of the world's population are infected with this protozoa (Mohammadpour et al. 2016) . The prevalence rate of T. gondii in children of United States is 10-20% and in adults is 35-70% (Sadaruddin et al. 1991) . This parasite exists in three forms: trophozoite, the proliferating intracellular form which present during the acute phase of infection, tissue cysts which are in different organs and are responsible for disease transmission, and oocysts found only in felines feces and are source of infection (Ferreira and Borges 2002) . Humans are infected in these ways: ingestion of cysts in raw or uncooked meat, ingestion of oocysts in food or water contaminated with cat feces, from mother to fetus that result in acute infection, and occasionally by blood transfusion and organ transplantation Foroutan-Rad et al. 2016a; Foroutan-Rad et al. 2016b; Saki et al. 2016; Khademvatan et al. 2017) . Toxoplasmosis in individuals with normal immune system is usually asymptomatic and do not require treatment and only in 20% of cases it causes benign and self-limited lymphadenopathy and lymphomonocytosis (Yazar et al. 2004) . T. gondii is an opportunistic parasite that causes fatal infection in immunocompromised individuals with neoplasias, transplant recipients and patients with AIDS (Ferreira and Borges 2002) . Latent toxoplasmosis is strongly associated with neurodegenerative disorders and autoimmune diseases (Sutterland et al. 2015; Majidiani et al. 2016) .Toxoplasmosis causes congenital infection in 5-24% of children and is one of the reason of the death during neonatal period, toxoplasmosis has a relatively high prevalence rate in children with severe visual, physical and neurological consequences (Yazar et al. 2004) . Because immunocompromised patients especially those who suffer from neoplasias are more susceptible to toxoplasmosis, hence more considerations are focused on this group of patients (Yazar et al. 2004; Cong et al. 2015) . Chronic infection with T. gondii may increase host inflammation responses which promotes mutations and enhance cancer, moreover intracellular pathogens such as T. gondii may interrupt cell barriers to cancer and oncogenic products gradually accumulate inside cells (Thomas et al. 2012 ). There are several methods for diagnosis of T. gondii, primary method of diagnosis is using different serologic tests to diagnosis various antibodies. Serologic tests such as sabin-feldman dye test, enzyme linked immunosorbent assay (ELISA) for IgM and IgG detection (Montoya 2002) . IgG antibodies appear one or two weeks after acquisition of infection, one to two months later reach to peak point and then gradually reduce and sometimes remain in the body during lifetime. Recently, a test for avidity of Toxoplasma IgG antibodies has been used to differentiate between recently acquired and distant infection, at first affinity of IgG antibodies is low and then it increases during next weeks and months. IgM antibodies appear earlier and reduce more rapidly than IgG antibodies. There are many commercial kits for detection IgM antibodies, these kits have low specificity but they are still used by many laboratories (Liesenfeld et al. 2001) . PCR has been used for precise and early detection of T. gondii in body fluids, tissues and blood, this method can detect disseminated, ocular, cerebral and, congenital toxoplasmosis (Montoya 2002) . Current study was aimed to investigate the prevalence of toxoplasmosis in children with cancer in the southwest of Iran.
Materials and methods

Clinical samples
In this cross sectional study, the whole blood samples of 372 children with cancer who presented to Shafa hospital, Ahvaz, Iran in 2016 were collected. Five ml blood sample from each patient was taken and each blood sample was centrifuged at 5000 rpm for 5 min and was separated to two parts, buffy coat and serum and stored at -20°C until use. Serum sample was used for ELISA tests and buffy coat sample was used for Nested PCR test.
Serological techniques
By using the Nova Tec T. gondii IgG-ELISA and the NovaTec T. gondii IgM l-capture GMBH ELISA kits, IgG and IgM anti T. gondii antibodies in each serum sample of 372 patients were determined, respectively. Then absorbance was read on ELISA micro well plate reader (ELISA reader stat Fax 2100) at 450 nm wavelength.
In order to obtain quantitative results in IU/ml for IgG ELISA test, all the absorbance were converted to IgG concentration (IU/ml) according to a standard calibration curve, the following values should be considered: Positive [35 IU/ml To calculate results of IgM ELISA test, this formula was used according to instruction:
Interpretation of Results was as follow: Cut-off: 10 NTU. Border line: 9-11 NTU. Negative: \9 NTU. Positive: [11 NTU.
All the IgG positive serums were studied by IgG avidity T. gondii IgG avidity by commercial kit (NovaLisa Ò T. gondii -IgG avidity; NOVA TEC-GMBH) according to the manufacturer's instructions. For calculate results, For each patient sample the ratio between the absorbance of the well dispensed with avidity reagent and the absorbance of the well dispensed with washing buffer multiplied by 100: Interpretation of Results was considered as below:
Avidity (%) [40 toxoplasmosis antibody with high avidity: Past infection.
Avidity (%) B40 toxoplasmosis antibody with low avidity: recent infection.
Nested-PCR assay
Nested PCR was performed for 34 low IgG avidity serums and 16 high IgG avidity serums. first of all, DNA was extracted from the buffy coat with PrimePrep TM genomic DNA Isolation kit from blood and T. gondii B1 gene were proliferated by Nested PCR method (Fallahi et al. 2014) . Briefly, the primers used in the first round of the PCR were: 5 0 -TCAAGCAGCGTATTGTCGAG-3 0 and 5 0 -CCGCAGC GACTTCTATCTCT-3 0 which correspond to nucleotides 663-682 and 949-930, respectively. The primers used in the second round were: 5 0 -GGAACTGCATCCGTTCAT-GAG-3 0 and 5 0 -TCTTTAAAGCGTTCGTGGTC-3 0 which correspond to nucleotides 694-714 and 887-868, respectively. The first amplification was carried out with 10 ml template DNA initiated with a denaturation step for 5 min at 94°C followed by 30 cycles of 20 s at 94°C, 20 s at 53°C, and 20 s at 72°C. Amplification was ended with a final extension step of 5 min at 72°C. The second amplification was carried out with 2 ml from the first reaction as template. The run was initiated with a denaturation step for 5 min at 94°C followed by 35 cycles of 20 s at 94°C, 20 s at 45°C, and 20 s at 72°C. After a final extension step for 5 min at 72°C. The PCR product was analyzed on a 1.5% Agarose gel stained with DNA safe stain.
Results
IgG and IgM ELISA
Three hundred and seventy two children with cancer were participated in this study. Total seroprevalence of toxoplasmosis in this group of patients was 41.7% (155/372) and 217/372 (58.3%) of patients were seronegative. IgG and IgM anti-Toxoplasma antibodies were positive in 155/372 cases (41.7%) and 24/372 cases (6.4%), respectively.
IgG avidity ELISA
IgG avidity ELISA test was performed on 155 patient with IgG positive antibody. Among them, 121 cases (78%) showed high IgG avidity which represent past infection; 34 cases (22%) had low IgG avidity representing recent infection.
Nested PCR
we studied 34 patients with low IgG avidity using Nested PCR test, results showed that all the 34 patients were positive by Nested PCR (100%). On the other hand, Nested PCR was carried out for 16 patients with high IgG avidity, results were as follow: 10 of 16 were positive and 6 of 16 were negative by Nested PCR test. Totally, among 50 samples which examined by Nested PCR, 44 of them (88%) were positive and 6 of them (12%) were negative. Figure 1 shows the results of Nested PCR analysis of nine positive samples.
Discussion
Toxoplasma gondii infection in immunocompetent adults is self-limited. During acute phase of infection, active tachyzoites of parasite migrate into the muscles and central nervous system of host and tissue cysts form in brain and skeletal muscle. If immune system of a patient disrupts for any reason such as pregnancy, and immunosuppressive diseases like cancer and AIDS, reactivation of parasites in tissue cysts may occur which can be even fatal (Krick and Remington 1978; Frenkel and Escajadillo 1987) . Many papers were carried out about toxoplasmosis in cancerous patients (Nimir et al. 2010 ). Ruskin and Remington (1976) and Israelski and Remington (1993) reported that Hodgkin disease is a reason for reactivation of T. gondii in 40 percent of immunocompromised patients (Ruskin and Remington 1976; Israelski and Remington 1993) . Also, in several studies the relationship between toxoplasmosis with non-Hodgkin lymphoma and chronic myeloid and lymphatic leukemia were reported (Wertlake and Winter 1965; Carey et al. 1973) . Clinical symptoms of toxoplasmosis are non-specific, so they seem unreliable for diagnosis purposes, as a matter of fact serological methods are commonly used for diagnosis and one important issue is that prompt and accurate diagnosis is very crucial especially in immunocompromised patients (Su et al. 2010) . ELISA method is the most important technique to detect IgG and IgM antibodies in serum of patients ). This method is carried out as a serologic test but it is recommended that for more accurate diagnosis, molecular methods such as PCR also should be considered (Guy and Joynson 1995) . In last two decades, diagnosis of toxoplasmosis by PCR methods are of great interest because molecular techniques are easy to use, sensitive, cost effective and repetitive and can be used on a variety of human and animal samples (Bessieres et al. 2009 ). One of these PCR methods is Nested PCR which is used by Burg to diagnosis T. gondii B1 gene for the first time (Burg et al. 1989 ). In the current study, Nested PCR was used as a confirmatory test for Toxoplasma infection and a complementary test to serological techniques. Hence, in this study, the prevalence of acute and chronic toxoplasmosis in children with cancer by serological and molecular methods, was investigated. In order to serological study, ELISA test was performed, results showed that among 372 children with cancer, 41.7% of patients were seropositive which 155 cases (41.7%) were IgG positive and 24 cases (6.4%) were IgM positive. In a similar study, in Iran on 535 children with cancer in 2014 by Fallahi et al. seroposivity was 42.8% and IgG and IgM antibodies were 38.87 and 9.53%, respectively, seroprevalence values of these two study (our study and Fallahi et al., study) are relatively close to each other which may be due to similarity of studied populations (children with cancer). Generally, prevalence of toxoplasmosis in patients with cancer is higher than healthy people (Khabaz et al. 2011; Kalantari et al. 2015) . Higher prevalence of toxoplasmosis in patients with cancer than healthy people may be result of suppressed immune system due to chemotherapy drugs, which cause reactivation of latent toxoplasmosis (Cong et al. 2015) . In a systematic review and meta-analysis conducted by Ahmadpour et al., prevalence rate of toxoplasmosis in patients with cancer was determined about 45.06%, results of this study is relatively close to our study (41.7%) (Ahmadpour et al. 2014) . In a study in China in 2015 by Cong et al. (2015) IgG and IgM antibodies against T. gondii in patients with cancer was found in 35.56 and 5.7% of patients, respectively, which is relatively similar to our data (IgG = 41.7% and IgM = 6.4%) (Cong et al. 2015) . In another study in China in 2007 by Yuan and et al., 23 .98% of patients with cancer were positive for IgG and 2.25% of them had IgM antibodies, these values are different from our study (Yuan et al. 2007 ). IgG and IgM values were determined 63 and 6.5%, respectively in an investigation which was carried out by Yazar et al., in Turkey in 2004 . Obtained values in this study is much higher than our results (Yazar et al. 2004 ). In the current study, IgG avidity test was carried out for 155 of IgG positive samples, 34 cases (22%) of 155 showed acute phase of infection and 121 cases (78%) showed chronic phase. Measuring IgG avidity of T. gondii is considered as a suitable method to distinguish between past infection and recent infection. In recent infection, IgM antibody increases within two weeks but it is reported that sometimes it remains positive for a year, for that reason, presence of IgM antibody in blood does not show recent infection, in this case IgG avidity test is useful (Zaki et al. 2014) . For instance, to diagnosis recent infection in pregnant women, IgG avidity test was used by Iqbal and Khalid (2007) in Kuwait, two hundred and twenty pregnant women were examined by ELISA test, 119 women (53.1%) had IgG antibodies and 31 women (13.8%) had IgM antibodies, IgG avidity test was performed for 31 women who had IgM antibodies, and it is found that only 9 of 31 women had low IgG avidity value and showed recent infection hence, they concluded that IgG avidity test is a powerful tool for differentiating acute phase of T. gondii infection from chronic phase (Iqbal and Khalid 2007) . Serological diagnosis of toxoplasmosis seems to be an appropriate method in immunocompetent ones but probably it would not be very useful in immunocompromised patients (Mechain et al. 2000) . Even though, titers of antibody in immunocompromised ones could be very high but many factors such as anti-cancer drugs can reduce titers of antibodies in these patients (Kusne et al. 1987) . Another problem with serological methods is that IgM antibodies measured by serological methods could remain positive for years, in these cases, actual time of infection is vague hence, molecular methods can be helpful (Ho-Yen et al. 1992) . As a matter of fact, it is emphasized that both serological and molecular techniques must be used. For these reasons, in this study, Nested PCR test was performed beside serological tests. In this evaluation, all 34 samples which already showed recent and acute infection by IgG avidity test, were positive by Nested PCR, as well. IgG avidity test was also performed on 16 of patients who showed chronic phase of infection by IgG avidity, Nested PCR results showed that 10 of 16 were positive and 6 0f 16 were negative. Totally, by Nested PCR, 44 cases (88%) were in acute phase of infection and had T. gondii in their blood and 6 cases (12%) were negative for T. gondii presence. In a same study, Nested PCR procedure was performed on 50 children with cancer who already had IgG and IgM antibodies in Iran by Fallahi et al., in 2014, 34 (68%) of 50 children were positive for T. gondii.
Conclusion
This investigation showed a relatively high prevalence of acute and chronic toxoplasmosis in children with cancer in southwest of Iran which requires special attentions in this group. Results of IgG avidity and Nested PCR showed high overlap, hence IgG avidity seems to be an acceptable method to diagnosis acute toxoplasmosis in patients with cancer. 
